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ABSTRACT
A one octave ranged noise target was constructed with
the aid of fourier optics and band-pass spatial filtering.
Band-limited noise targets of varying degrees of percent
modulation were then generated as a means of determining
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INTRODUCTION
In recent years, the human visual response has been
incorporated into measurements of graininess, noise,
producing sizable advancements in noise perception research.
However, attempts to selectively extract information
within discrete bands of spatial frequencies as a means of
analysis have been generally limited to one dimensional bar
or sinusoidal targets.
Recent endeavors of Stromeyer and
Julesz-*-
have
produced the necessary foundations for a two dimensional
study of band-limited noise.
The general aim of this project was to first generate
a two dimensional, one octave ranged noise target with the
aid of fourier optics and band-pass spatial filtering and
secondly vary the target modulation as a means of subjectively
evaluating a noise perception threshold.
BACKGROUND
It was recognized early in photographic history that
a need existed for a means of quantifying graininess and
granuarity .
Graininess of photographic materials is defined as
a visual sensation of nonuniformity in developed photographic
film, noise, whereas granularity of photographic materials
is defined as an objective measure of the spatial variations
of density in developed photographic film and generally
measured with a microdensitometer.
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As early as 1920, L. A. Jones and N. Deisch investi
gated the relationships of graininess to magnification which
later resulted in a psychophysical means of measurement known
3
as blending magnification .
Selwyn, Dunham, Bricout, and Van
Krevel4
were very
active during this time which resulted in granularity
measurements used today as an objective measurement which
correlated with subjective graininess.
It was in 1935, Selwyn demonstrated what is now known
as
Selwyn'
s Law which in effect states that the product of
the standard deviation of the film sample density, ^J"D ,
and the square root of twice the area, a, of the aperture
resulted in a constant, G, which was a measure of the film's
granularity.
Much work followed by L. A. Jones and Higgins in
granularity and graininess at this time attempted to correlate
the work done by Selwyn. They used the granularity values as
a means of obtaining a general ranking of test pictures which
in turn created the concept of blending magnifications.
Higgins felt that this method was a most likely correlate
with granularity.
7
In fact, during the
30'
s, Lowry developed an instrument
for measuring graininess which involved the use of the Callier
Q Factor. There were apparent problems with this concept.
Even while this work commenced, researchers became




s, L. A. Jones , Higgins , Stultz , and
Zweig began to introduce more psychophysical aspects to
graininess vs granularity measurements.
Researchers recognized that photographic images
appeared grainier at higher viewing magnifications and should
be accounted in graininess determinations. It was Stultz and
Zweigl^
who first made the psychophysical relationship between
the two functions, (1) graininess vs magnification and
(2) granularity of the standard deviation of measured density
vs the square root of the scanning area, and thus established
the following equation where the viewing magnifications, M^,
multiplied by the aperture diameter (micrometer) , d, used to
measure the standard deviation of the density yielded a
constant value of 515.
M^
* d = 515
The research diverged into various avenues of investi
gation at the end of the 50
'




was a leader in the area Wiener spectrum analysis of granu
larity which described the spatial variations in a film as the
function of the square if the amplitudes of the sine and cosine
waves that, when summed, produced the film's spatial pattern
in terms of transmitted light.
With the advent of such items as more sensitive photo
graphic films and electrophotography, graininess became an
ever increasing problem. Such terms as image quality, noise
perception, and image sharpness evolved from graininess
research as a result of a concious awareness of the human
visual response. Granger and Cupery14 suggested that the eye
response could be replaced by a pass-band of unit height from
10 to 4 0 cy/mm on the retina assuming a logarithmic weighting
to the system modulation transfer curve. The major advantage
of Granger and Cupery's Subjective Quality Factor was it
could be used for quick engineering evaluation.
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Nelson and Higgins later consolidated historical
methods of graininess and granularity correlations in addition
to the newer image quality evaluations which recognized and
endorsed the use of the visual response characteristics as
a visual modulation transfer function (MTF) .
Experiments by Stromeyer and Julesz studied spatial
frequency slectively by measuring the threshold for detecting
vertical grating presented in a masking noise that consisted
of rapidly changing patterns of stripes filtered so as to
present selected bands of spatial frequencies. In doing
this, Stromeyer and Julesz demonstrated that human vision
capably selected bands of noise approximately
- one octave
in range.
Therefore, an extension of the work of Stromeyer and
Julesz to a two dimensional, band-limited, one octave ranged
noise target which could be subjectively measured at selected




The one octave ranged band-pass spatial filter was
designed to have a center spatial frequency of lOcy/mm.
This particular center spatial frequency was selected because
of two major factors: (1) physical size constraints of the
spatial radii (2) desire to begin with the lowest convenient
spatial frequency possible.
Several preliminary calculations were necessary, the
first of which was to determine the band-limiting frequencies.
Remembering that a one octave range implies having a factor
of two differences between the limiting frequency in the
band, the low and high spatial frequencies were calculated as
7.07 cy/mm and 14.14 cy/mm respectively.
Using the following equation developed by Goodman-*-^,







A = wavelength of laser











X - 632 . 8 mm
F = 250 mm
A scaled drawing of the spatial filter was constructed
as represented in Figure 1A and then photographically
reduced onto Kodak Kodalith 35 mm roll film. The exposed
film was processed using a conventional Kodalith developing
procedure which generated the resulting spatial filter
represented by figure IB.
The spatial filter radii were measured using a Nikon
measuring microscope where by taking the average value between
the radii and working Goodmans equation in reverse, the actual
center spatial frequency was calculated as 10.5 cy/mm. The
difference of . 5 cy/mm for the aim value was of no consequence
as it could be calculated through the remaining experiment if




































The function of the grain distribution object was to
provide a spatial distribution of noise such that a one octave
band of noise centered at a spatial frequency of 10 cy/mm
was extracted.
As a means of standardizing the grain distribution, it
was desired that a film sample have a macro diffuse density
of 1.0 and be processed to a contrast equivalent of 1.0.
The manufacture of such a grain distribution was
accomplished by first performing a time development series
test on a film type having a moderate granular structure.
Kodak Royal-X Pan 4X5 sheet film was selected with Kodak
DK-5 0 as the developer. It was determined that a development
time of 7% minutes at
68
F produced the desired characteristics.
After determining the proper development time, an
exposure of a Kodak 18% gray card and reflectince step tablet
was made on a sheet of Royal-X Pan by means of a Polaroid
MP-4 copy stand and camera system, as a method of obtaining
a uniform density sample. The film was then processed to the
designed development specifications forming a grain distribution




Two coherent process (filter) systems were designed
and used during the production stage of a one octave ranged
noise target.
The initial system commonly known as the four-f
system
simply meant that there were four focal length separations
between the object and image planes and had the structure of
figure 2 and contained the equipment listed in Table (2) .
Table (2) Initial Coherent Process System
Contents
Quantity Equipment
1 5 milliwatt helium-neon laser (632.8mm)
1 beam expander
1 600 mm collinating lens (plano-convex)
2 250 mm Fouier transfrom lenses
1 One Octave band-pass spatial filter
(Center frequency = 10 cy/mm)
1 Film receive r plate

















Using the constructed spatial filter, the system was
designed to filter and pass a one octave range of spatial
noise centered at 10 cy/mm.
Initially, a laser beam was expanded and collimated
allowing a uniform coverage of specular coherent light to
contact the object plane. The object plane contained the
grain distribution object explained earlier.
As the beam passed through the object plane, grains
blocked and/or reflected the rays at which point the first
lens, L,, fourier transformed the spatial information into
spatial frequency.
This information was focused to a point at one
focal length from lens, L, , where the information was spatially
filtered allowing only a one octave band of noise to pass.
The filtered noise was then inverse fourier transformed
by lens, L~, at a distance of one focal length between the
spatial filter and L~. Then it was recorded onto photographic
film at the image plane which was one focal length from L~.
The equipment was set up and aligned on a Tech/ops
3 Meter System Optical Bench after a series of alignment
problems related to equipment limitations and system constraints.
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Filtered noise targets were produced by placing
Kodak Technical Pan 4X5 sheet film in the image plane
and making a series of time esposures. Sensitometric tests
were performed on the film prior to these exposures and it was
found that using a standard large tank processing procedure
and Kodak HC110 dilution F (1:19) at 68 F agitating for 5
seconds every 3 0 seconds, a film contrast of 1.0 was produced.
Again, filtered noise target with a macro diffuse
density of 1.0 was selected for use.
TEST OF NOISE TARGET
As a check to see if the noise target was indeed
band-limited, the selected noise target was placed at the
object plane of the coherent Processing System. Had the
filtered noise target been band-limited, an image of the
spatial filter would appear at the spatial filter plane.
What did appear was a detectable image of the spatial filter
along with a large degree of higher frequency components
indicating a frequency doubling effect at the image plane.
Frequency doubling is a phonomena which occurs as
a result of several factors. First, the film is an intensity
measuring device responding to the
amplitude changes of the
filtered noise. Secondly, the spatial filter had no pinhole
17
to pass the D.C. component of the grain distribution
object which would provide a D.C. level to the image plane.
This D.C. level would have biased the noise allowing it to
"ride"
on a D.C. level, thus resolving the problem.
15
2
Since intensity is simply the modules of the amplitude
of the signal, it can be expressed in example as having a
cosine equivalent in amplitude resulting in a in
intensity. Remembering trigonimetric relationships, the
2
cosine is equivalent to 1 plus the cosine of twice the angle
which is, in effect, a frequency doubling.
Several attempts were made to resolve this problem,
with no success, by placing pinholes in the center of the
spatial filter. A pinhole of less 5 micrometer diameter
was required to produce the spreading necessary to have
the D.C. cover the filtered image information.
Due to equipment limitations wuch as the minimum
pinhole size, a modified coherent process system was designed.
MODIFIED COHERENT PROCESS SYSTEM
Table (3) Addition equipment
Quantity Equipment
1 Glass Beam splitter
1 (10 cm dia.) front surface mirror



















The modified coherent processing system contained the
same four-f design as in the original system but differed by
separating the laser beam into two distinct parts; one being
the carrier beam and the other as the signal beam. The
concept was much like that of holography where the signal
was
"bathed"
in effect by the carrier beam generating
interference fringes at the image plane.
The carrier beam provided the D.C. bias necessary
in preventing the phenomona of frequency doubling mentioned
earlier, by placing a beam intensity of approximately five
times that of the signal beam at the image plane.
Several problems arose in the construction of the
modified system, concerning coherence lengths of the laser beams,
optical path difference, and reducing fringing frequencies.
These problems were found to be interactive with the structional
design of the modified system and a number of changes were
made resulting in the final structure displayed in Fig. 3.
Due to the physical constraints of the equipment
used, the minimum angular separation between the signal and
carrier beams was approximately 45. Using the equation





Where X = wavelength of laser
9 = angular separation signal
and carrier beam
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A viewing microscope with 400x magnification was used
throughout the set up procedure to view and observe the
interference fringes. The final set up displayed clear,
distinct and stable fringes.
The next important factor of this equipment was to
set the beam intensities to the proper levels. Using an
EG+G radiometer set on microwatts/cm2, relative measurements
were made by setting the detector at the image plane and
aiming at the beam while blocking the second.
The first measurements displayed a carrier signal
ratio of 135:1. Since a 5:1 ratio was desired, Kodak Wratten
neutral density filters were used to attenuate the carrier
beam. With the signal beam normal to the image plane and the
carrier beam incident at 45, a correction factor of cos
45
was taken into account when making the final measurements
yielding the desired 5:1 ratio of the carrier to signal beam.
With the advent of having fringes 1100 cy/mm, Kodak
Technical Pan film was no longer acceptable because it had
no response beyond 300 cy/mm. Therefore, other film types
were used including Kodak Type SO 173 with no antihalation
backing and Kodak Type SO 253. The Kodak SO 173 generated low
frequency interference fringes which were consmetically poor
when used for subjective judging, but it did contain the
one octave noise information. Being unable to remove or
reduce the visible interference effect of the frequency
fringing, Kodak Type SO 173 was abandoned.
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In it's place, Kodak Type SO 253 was selected for use.
A series of time exposures were made onto SO 253 and processed
using a Kodak Versamat Negative processing machine. One
target was selected having a macro diffuse density of 1.10.
TEST OF BAND-LIMITED NOISE TARGET
The modified one octave noise target was placed at
the object plane of the modified system and it's image was
observed at the spatial filter plane.
If the noise target was indeed band-limited, it would
produce an image of the spatial filter with the same physical
dimensions at the spatial filter plane.
The resulting image was a nearly distinct duplicate
of the spatial filter with the exception of having a strong
D.C. component at the center of the spatial filter image.
The D.C. component was due to the addition of D.C. by the
carrier beam during the exposure process of the band-limited
noise target.
Having accomplished the generation of a one octave
ranged noise target centered at 10 cy/mm, the next task was
to make a one octave noise target centered at 1 cy/mm in
addition to lower spatially band-limited noise targets.
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ONE CYCLE/MM BAND-LIMITED MODULATED NOISE TARGET
Band-limited noise targets of 1 cy/mm center spatial
frequency were made onto Kodak Polycontrast Print Paper
having varying degrees of percent modulation.
The method began by making a lOx enlargement of the
noise target using a Beseler 23-C enlarger with a 50mm f/4
Nikon enlarger lens. The magnification was calculated by
means of simple first order focusing equations where the
distance from the negative plane to the lens was 55mm and
the distance from the lens to paper was 550mm.
A standard black and white development procedure was
utilized throughout the process. Kodak D-72 was used as the
developer diluted 1:2 at
68
F and the paper was developed for
9 0 seconds with constant agitation. Polycontrast filters
were not used in this procedure resulting in a paper contrast
of 1.65.
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Percent modulation was determined using Table 17.3
found in the SPSE Handbook of Photographic Science
and Engi
neering and knowing the
maximum to minimum density difference
for any given
target.
Keeping the maximum density
level constant, the percent





Not having access to a reflectance microdensitometer
to measure the maximum and minimum densities of a given target,
an assumption was made that the maximum relectance density
could be reasonable estimated by measuring large clumping
areas of high density on the noise target using a reflectance
dens i tometer .
Plots of density vs time exposures were made for both
the noise and flash exposures at a given illuminance providing
the information necessary to make varying percent modulation
targets. Selecting a flash exposure time, a minimum density
level was set and by subtracting that minimum value from the
desired maximum density for all prints, the noise exposure
time was calculated and made, thus generating the desired
percent modulation target.
EXPERIMENTAL DESIGN
The original plan of this project was to manufacture
one octave ranged noise targets having varying degrees of
percent modulation with the intention of subjectively evaluating
the targets for a threshold of
perceptable noise.
Numerous difficulties arose in the
manufacture of the
targets which did not allow time for
the subjective phase of
experimentation .
The plan of evaluation for the
subjective analysis
followed simple guidelines. The
judge would view each print
in a random order at a distance
of 3 0cm and be asked, "Can you




would be recorded and after all
judgements analyzed, the
22
results would be evaluated in the form of a binomial distribution
having the point where 50% of the judges responded with yes
or no as the threshold limit. Confidence limits would be
placed at the threshold point dependent on the number of
judges evaluated.
More accurate values could be obtained by generating




A band-passed spatial filter was developed and
constructed by means of simple calculations and conventional
photographic techniques. Because of unexpected equipment
problems, constructing a pinhole of less than 5 micrometers
in diameter was determined impractical.
The original coherent imaging process system was
determined unusable due to the limitations of the pinhole
in the spatial filter. Without passing the D.C. component
through the system by means of the properly sized pinhole,
the in line hologram format of the system could not be
achieved.
The modified coherent imaging process system provided
an alternate path for the original system's short-comings.
Many subtle and more complicated problems arose using the
modified system. These included the coherence lengths of
the laser beams, optical path differences, and attempts to
reduce the fringing frequency due to angular separation
between the D.C. carrier and signal beams. The problems were
eventually located and
resolved after many hours of
investigation.
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A one octave ranged noise target with a center spatial
frequency of 10 cy/mm was eventually generated using the
modified coherent imaging process system. Kodak Type SO 253
film was used at the image plane to receive the filtered
noise image. SO 253 had the frequency response necessary
to record the 1100 cy/mm interference fringes generated by
the combination of the D.C. carrier and signal beam(s) .
A one octave ranged noise target with a center spatial
frequency of 1 cy/mm was constructed by enlarging the 10 cy/mm
target by a factor of 10 with a conventional enlarger onto
Kodak Polycontrast paper.
Modulation variations at 1 cy/mm were made by maintaining
a constant maximum density and varying the minimum density
levels using a flash exposure.
No subjective analysis of noise threshold was
generated
due to a shortage of time.
25
CONCLUSIONS
The process of generating a two dimensional one octave
ranged, band-limited noise target has been determined both
feasible and practical using band-pass spatial filtering
and the modified coherent imaging process system. Had the
pinhole been less than 5 mocrometers in diameter and adjusted
for an intensity level ration of 5:1 between the D.C. and
noise signal beams, the original coherent imaging process
system would have worked as well as the modified system.
The procedure used in making the varied percent
modulation targets was effective for coarse noise threshold
measurements, but a more sophisticated procedure should be
investigated utilizing a reflectance microdensitometer for
more repeatable and reliable measurements.
Due to the shortage of time which remained between
the generation of varied percent modulation targets and the
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Recording media respond to light intensity and since
coherent wavefronts are of an amplitude and phase format,
a need arises for recording the wavefronts with distorting
the information. A standard technique is by means of
interferometry which takes a second wavefront of known amplitude
and phase and add it to the unknown wave front. The known
wavefront is, in effect, the zero frequency, D.C, component.
An adequate description of the theory is explained by
GoodmanJ
Very simply, with no D.C. bias, the signal amplitude




Again, since the receiving
media responds to light
intensity which is basically
the square of the amplitude,
the signal is recorded in the form




Biasing the signal with a D.C. wavefront in the form
of a holegram, raises the transmittance level uniformity and




It is important to remember that the two beams expose
the receiving media simultaneously and for the same duration.
Otherwise, the beam interference will not occur and a frequency
doubling will develop at a raised transmittance level.
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APPENDIX 2
Two preliminary graphical relationships need to be
made in the procedural design of varying percent modulation
targets.
Figure A2-1 is a plot of the maximum density as a
function of time exposure on the print.
Figure A2-2 is a plot of density as a function of
relative log exposure, H, made by placing a step tablet on
the print paper and exposing with an enlarger for 3 0 seconds
at f/8.
Since several targets of varying modulation will be
constructed, it is desired to keep the maximum density level
the same in order to reduce effects of bias by judges.
Thus by using Table A2-1 and assuming the minimum paper
reflectance density as the paper base, a density difference,
D, should be selected in the linear range of the paper
response.
More importantly, & D establish the maximum percent
modulation attainable. Reductions in modulation were done in
the following step-wise manner:
1. Find the percent modulation desired using Table
A2-1 and note the /_.D required to produce that
value.
2. With the maximum density remaining constant,
subtract &D from the maximum density, D max,
to obtain the minimum density, D min, value.
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The D min or flash exposure time is calculated
using Figure A2-2. Find the D min value on
the density axis and then the corresponding
relative log exposure value which can be ap
proximated by the density of the steptablet at
that exposure.
By dividing the unattenuated 30 second exposure
time by the inverse log value of the steptablet
density, a flash exposure time is achieved at an
f/8 aperture.
The noise portion of the exposure is equal to
D max minus the D min value. Using Figure A2-1,
find the noise density on the density axis and
then it's corresponding time exposure.
The final percent modulation exposure is the
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TABLE 17.3 PERCENT MODULATION OF TRANSMITTANCE OR EXPOSURE
CORRESPONDING TO DIFFERENCES OF DENSITY OR LOG EXPOSURE
AD AD AD AD
or or or or
Alog %7Mod. Alog % Mod. Alog % Mod. A log/. %Mod.
0.005 0.596 0.255 28.5 0.505 52.4 0.755 70.1
0.010 1.14 0.260 29.1 0.510 52.8 0.760 70.4
0.015 1.72 0.265 29.6 0.515 53.2 0.765 70.7
0.020 2.30 0.27D 30.1 0.520 53.6 0.770 71.0
0.025 2.87 0.275 30.7 0.525 54.0 0.775 71.3
0.030 3.47 0.280 31.2 0.530 54.4 0.780 71.5
0.035 4.03 0.285 31,7 0.535 54.8 0.785 71.8
0.040 4.58 0.290 32.2 0.540 55.2 0.790 72.1
0.045 5.17 0.295 32.7 0.545 55.6 0.795 72.4
0.050 5.75 0.300 33.2 0.550 56.0 0.800 72.6
0.055 6.32 0.305 33.7 0.555 56.4 0.805 72.9
0.060 6.89 0.310 34.3 0.560 56.8 0.810 73.2
0.065 7.45 0.315 34.7 0.565 57.2 0.815 73.4
0.070 8.05 0.320 35.3 0.570 57.6 0 820 73.7
0.075 8.63 0.325 35.8 0.575 58.0 0.825 74.0
0.080 9.17 0.330 36.3 0.580 58.4 0.830 74.2
0.085 9.75 0.335 36.8 0.585 58.7 0.835 74.5
0.090
'
10.3 0.340 37.3 0.590 59.1 0.840 74.7
0.095 10.9 0.345 37.8 0.595 59.5 0.845 75.0
0.100 11.5 0.350 38.3 0.600 59.8 0.850 75.2
0.105 12.0 0.355 38.7 0.605 60.2 0.855 75.5
0.110 12.6 0.360 . 39.2 0.610 60.6 0.860 75.7
0.115 13.2 0.365 39.7 0.615 60.9 0.865 76.0
0.120 13.7 0.370 40.2 0.620 61.3 0.870
76.2
0.125 14.3 0.375 40.7 0.625 61.7
0.875 76.5
0.130 14.9 0.380 41.2 0.630 62.0
0.880 76.7
0.135 15.4 0.385 41.6 0.635 62.4
0.885 76.9
0.140 16.0 0.390 42.1 0.640 62.7
0.890 77.2
0.145 16.5 0.395 42.6 0.645 63.1
0.895 77.4
0.150 17.1 0.400 43.1 0.650
63.4 0.900 77.6
0.155 17.7 0.405 43.5 0.655 63.8
0.905 77.9
0.160 18.2 0.410 44.0 0.660
64.1 0.910 78.1
0.165 18.8 0.415 44.4 0.665
64.4 0.915 78.3
0.170 19.3 0.420 44.9 0.670
64.8 0.920 78.5
0.175 19.9 0.425 45.4 0.675
65.1 0.925 78.8
0.180 20.4 0.430 "~45.8 ().6S<7 65.4 0.930
79.0
0.185 21.0 0.435 46.3 0.685
65.8 0.935 79.2
0.190 21.5 0.440 46.7 0.690
66.1 0.940 79.4
0.195 22.1 0.445 47.2
0.695 66.4 0.945 79.6
0.200 22.6 0.450 47.6
0.700 66.7 0.950 79 8
0.205 23.2 0.455 48.1
0.705 67.1 0.955 80.0
0.210 23.7 0.460 48.5
0.710 67 4 0.960 80 2
0.215 24.3 0.465
48.9 0.715 67.7 0.965 S0.4
0.220 24 8 0.470 49.4
0.72d 68.0 0.970 SO.6
0.225 25.3 0 475
49.8 0.725 68.3 0.975 S( 1 S
0.230 25.9 0.480
50 2 0.730 68.6 0.980 81.0
0.235 26.4 0.485
50.7 0.735 68.9 0.985 81.2
0.240 27.0 0.490
51.1 0.740 69.2 0.990 81.4
0.245 27.5 0.495
51.5 0.745 69.5 0.995 81.6
0.250 28.0 0.500
51.9 0.750 69.8 1.00
2.00
3.00
81.8
98.0
99.9
